Objectives: Biochemical (e.g., creatine kinase (CK)) and neuromuscular (e.g., peak power output (PPO)) markers of recovery are expensive and require specialist equipment. Perceptual measures are an effective alternative, yet most validated scales are too long for daily use.
The competition schedule of elite team sport athletes makes them susceptible to underrecovery game-to-game 1, 2 . Cumulative fatigue causes overtraining 3 , injury 4 , and burnout 5 , and consequently monitoring recovery is important for elite sport programmes. Perceptual measures of recovery have been used to monitor recovery in elite athletes 6, 7 . Often their use compliments physiological measures (e.g. biochemical) which are expensive and use specialist equipment. In elite sport, daily monitoring is necessary to track the impact of training and competitions. Longer self-report measures (Profile of Mood States (POMS) 8 and the Multicomponent Training Distress Scale 9 ) will likely have higher refusal rates than shorter options 10 . Therefore, athlete engagement with self-report monitoring can be less than other aspects of recovery deemed more important (e.g., socialising with friends) 11 .
Short measures of recovery, such as the Total Quality Recovery Scale 12 (TQRS) and the Recovery Cue 13 have been proposed. However, neither encompass specific elements of the mood disturbance spectrum (e.g., vigor, anger) which shows a consistent dose response relationship with training stress 14, 15 and have been used to monitor fatigue in elite athletes 16 .
The Brief Assessment of Mood (BAM) 17 measures mood disturbance using six items representing each factor from the POMS. Shearer et al., 7 used the BAM alongside neuromuscular and endocrine markers of fatigue in elite rugby union players, finding mood disturbance and energy index significantly correlated with power output. Shearer et al concluded the BAM was useful to monitor recovery in elite athletes, but with specific limitations. First, although mood has a consistent relationship with fatigue and recovery 18 other recovery factors (e.g., sleep quality, perceived stress, motivation) are not included in the scale.
Second, the BAM used a five-point likert scale which participants felt was not sensitive enough to reflect their mood 7 . Third, the scale was used across the pre-game to post-game of one match, so was not tested beyond the acute game response. Finally, no direct measures of match activity (e.g., GPS) were made 1 .
RUNNING HEAD: Mood, Biochemistry and Power Measures During Recovery 4
The overall aim of the current study was to examine the longitudinal relationships of the BAM+ compared to concurrent measures of peak power output (PPO) and Creatine Kinase (CK). The study also aimed to address the limitations of Shearer et al 7 . First, four further items were added to the BAM (herein referred to as BAM+) to measure psychological capacity for stress (confidence and motivation) and physical recovery (muscle soreness and sleep quality) 12 . Second, the likert scale was replaced with a 100mm visual analogue scale, as used in other fatigue and pain-related research 19, 20 . Third, to track chronic game load, data was collected 12 hours before, and 24 and 48 hours after five consecutive competitive matches. Finally, because of the known reciprocal relationship between match activity and physical and psychological response 1 , match activity was measured using GPS.
Research has demonstrated a consistent quadratic recovery profile from pre-to postcompetition using physiological markers (e.g., neuromuscular power output 21 , cortisol 14 , and creatine kinase 22 ) and measures of perceptual recovery 6, 7 . Therefore, for hypothesis one, all dependent variables (i.e., BAMS+, CK, and PPO) were expected to exhibit significant changes matching this quadratic profile of recovery 23 across all 5 games 1 . For hypothesis two, it was expected significant variance in scores from the BAM+ would be explained by concurrent measures of CK, and PPO. Finally, it was expected changes in BAM+ scores from baseline would correlate with similar match activities to those correlated with CK and PPO. Perceptual recovery was measured using a 10-item scale (BAM+) that comprised 6
original items from the Brief Assessment of Mood 17 , plus additional items to measure confidence, motivation, muscle soreness, and sleep quality. Each item was worded to allow participants to express how they felt concerning the construct of interest. Example items included "How tense do you feel?" and "How well do you feel you have slept?". Participants responded using a 100mm visual analogue scale anchored with "not at all" and "extremely".
Participants were instructed to place a vertical line along the scale at the point that described how they felt at that moment. From the ten items a recovery score was calculated by subtracting the mean score for the negatively associated items from the positively associated items. The impact of competition load was manifested in a reduced score that indicated compromised readiness to perform as per equation 1. vigor + sleep quality + confidence + motivation Anger + confusion + tension + depression + fatigue + muscles soreness
Cronbach alpha scores over all three time points for the four positive ( = 0.65) and six negative items ( = 0.82) indicated reasonable internal consistency and that items were grouped correctly.
A Kistler portable force platform with built-in charge amplifier (type 92866AA, Kistler
Instruments Ltd, Farnborough, UK) was used to measure ground reaction force time history of the counter movement jump (CMJ). A sample rate of 1000 Hz was used for all jumps and the platform's calibration was confirmed pre and post testing. Power was calculated using standard procedures established in previous investigations 24, 25 . Test-retest reliability (ICC) for PO is 0.979.
Creatine kinase was measured using whole blood samples collected at the training ground. After immersing the hand in warm water, capillary blood samples (120μl) were obtained from a fingertip and stored on ice in EDTA prepared collection tubes (Microvette 500, Sarstedt, Numbrecht, Germany) before being centrifuged at 3,000 revolutions per minute for 10 minutes (Labofuge 400R; Kendro Laboratories, Langenselbold, Germany). Plasma samples were then stored at -70 C before being analyzed for CK activity using commercially available kits (CK-NAC, ABX Diagnostics, Northampton, United Kingdom) on a Cobas Mira spectrophotometer (ABX Diagnostics, Northampton, United Kingdom). Samples were measured in duplicate (3% coefficient of variation) and recorded as a mean.
To measure match activity players wore 10 Hz GPS units (Viper pod, STATSports, Belfast, UK) positioned on the upper torso within a specifically designed garment to reduce movement artefacts 26 . Measurement began immediately before pre-match warm-up (∼40 min before kick-off) and players wore the same GPS device for each match to avoid inter-unit variation. After each match, raw data files were analyzed and six indices of physical performance were used based on previous research 1 . The variables presented relate to coverage of total, high intensity, sprint and high speed running distance and the number of sprints.
Operational definitions for these variables are as per the manufacturer's website Initially growth curve models were tested for each variable measured to distinguish the nature of change over time (e.g., linear v polynomial). Then, using BAM+ scores as the dependent variables, PPO and CK were tested as predictors. An identity and diagonal covariance structure was used to examine random effects and repeated measures respectively. "Subject" and "Game" were included as level 2 and level 3 grouping variables to denote how dependent variable scores were nested first within subjects and then within individual games and were A multi-level analysis with BAM+ as the dependent variable, and CK, PPO, linear and quadratic time as predictors indicated significant contributions of all predictors apart from PPO (p = 0.058) (see Table 1 ). Results indicated that a 1 standard deviation increase in BAM+ percentages was matched by a 0.3% significant reduction in CK, and a 0.2% decrease in PPO.
Estimates of covariance parameters indicated that initial (i.e., intercept) BAM+ scores varied significantly as a function of both individual subject scores and game ( = 1.66, Wald Z = 2.30, p < 0.05) highlighting the importance of modelling the data in a multilevel fashion. (Table 2) .
Discussion
This study addressed the limitations of the BAM for measuring recovery in elite . In addition, this limitation is balanced against the advantages of using elite participants, making data inference meaningful to elite sport. Future research should aim to build on these findings using larger numbers of elite athletes.
Conclusions
The results support previous research using mood and/or perceptual-based measures to monitor recovery 6, 15 . The BAM+ was sensitive to known physiological changes that occur in response to competition stimuli. As mood disturbance has a strong dose-response relationship with fatigue 15 it is an important component perceptual measurement tools. Given most other psychological measures of recovery that include mood or otherwise are too long and repetitive for daily use, the BAM+ represents a practically useful daily measure of recovery that encompasses mood, psychological capacity for stress, and aspects of physical recovery. It should be noted however, this was not an attempt to structurally validate the BAMS+, and future research with large sample sizes to allow for structural validation are recommended.
Practical Implications
This adapted Brief Assessment of Mood (BAM+) tracks the known cycle of recovery associated with competition.
BAMS+ provides a cheaper alternative to physiological measures of recovery
It is recommended that a combined approach of both physiological and psychological measures of fatigue and recovery to reduce response bias associated with repetitive use. 
